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Introduction
Vitamin D 3 , as a fat soluble vitamin and a hormone precursor, plays various critical roles in optimal health including mediating calcium and phosphorus absorption, bone health metabolism, reducing cancer risk, prevention of cardiovascular diseases and insulin resistance (1, 2) . It is generally accepted that optimum intake of vitamin D 3 is an important issue for all races, ages and genders (3) . Therefore, in the past decade, several researches and conferences have been devoted to investigate the role of vitamin D 3 in human health and diseases prevention (4) .
The regular sources of vitamin D 3 are solar ultraviolet-B irradiation, as the main source, and oily fish and fish liver oil which are not so common in many regular diets (5) . Moreover, vitamin D 3 can be taken from artificial sources such as supplements and fortified foods since unfortified foods do not contain sufficient amounts of vitamin D 3 (6, 7) . 
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Food fortification is a potential way to improve intake of vitamin D 3 in the population (8) . In order to select appropriate vehicle food for vitamin D 3 fortification, several factors should be considered such as availability, price and stability during cooking procedures (9) . In addition, it should be noted that the amount of added vitamin D 3 should be high enough to ensure adequacy and preventing the risk of over vitamin D 3 intake (10).
All around the world, the variety of fortified staple food with vitamin D 3 such as milk in Finland and USA, margarine in the UK, cereal grain in USA and the UK are offered mandatorily or voluntarily, while according to the estimation, 60% of vitamin D 3 intake is from fortified foods in US population diet (4 
Materials and Methods

Materials
Refined, bleached, deodorized vegetable oil samples: canola, sunflower and corn oils, were generously provided by Kourosh Food Industry (Tehran, Iran). Detailed information about vegetable oil characteristics before and after the fortification process is briefed in Table Oxidative stability: The induction period of incubation of fortified oil samples was conducted using a Metrohm Rancimat instrument model 743 (Herisau, Switzerland) with 3 ± 0.2 g of fortified oil under 2.5 mL s −1 air flow rate and 110°C temperature condition (19) .
Free fatty acid and peroxide value: Peroxide value (PV) was investigated according to AOCS Ca 5a-40 method while free fatty acid of fortified oil samples was determined using AOCS Cd 8-53 method. All tests were performed in triplicate. Table 1 illustrates information about four quality characteristics of sunflower, canola and corn oils before and after fortification with vitamin D 3 . It is apparent from Table 1 that fortification of mentioned oils with vitamin D 3 causes some changes in physicochemical attributes of oils. However, all of the physicochemical properties were in standard range. Table 2 presents information about the effect of time on destruction of vitamin D 3 in low temperature cooking procedure for sunflower, canola and corn oil. The results showed that in low temperature cooking condition, which is 105 °C for 180 minutes, destruction rate was 16.9, 16.7 and 16.3% for sunflower, canola and corn oil, respectively. Table 3 also shows destruction of vitamin D 3 in high temperature cooking conditions. What stands out in the Table 3 is the amount of destruction of the vitamin D 3 in higher temperatures (160 °C) being about twice more than the low temperature cooking process. As shown in Table 3 , maximum destruction of vitamin D 3 in higher temperature (160 °C) process was reported 31.4, 30.3 and 30.8% for sunflower, canola and corn oil, respectively. 
Results
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Discussion
There are relatively few studies in the area of thermal deterioration of vitamin D 3 in foodstuffs (20) (21) (22) (23) (24) (25) . Previous researches have established that pure vitamin D 3 is susceptible to degradation and easily decomposed by heat (26) . Table 4 shows the results obtained from previous studies. In a general view, rate of vitamin D retention in normal cooking processes of foodstuffs like frying, boiling and grilling is dependent on the severity and duration of heat exposure. In some cases, for example, oven-cooking of pork, increased the final amount of vitamin D 3 although not statistically significant. As can be seen from Table 2 , retention of vitamin D 3 in normal cooking conditions ranges between 35% for cooked beef and 100% for pork. Range of vitamin D 3 retention in low temperature cooking conditions in the present study was estimated between 86.2% (canola, 5 min, 160 °C) and 83.1% for (sunflower, 60 min, 160 °C). We also found that in the high temperature cooking process, range of deterioration was between 87.4% (canola, 5 min, 160 °C) and 68.6% for (sunflower, 60 min, 160 °C). Results of the present study seem to be consistent with other research which found that heat treatment causes some decomposition in vitamin D content of cooked foodstuffs. Our results may support the hypothesis that destruction of added vitamin D in vegetable oils under heat treatment falls in the range of its natural form in foodstuffs. It is generally accepted that fortification of vitamin D in staple foods is a cost effective intervention to overcome vitamin D 3 deficiency (22, 23) . Estimation of final amount of the micronutrients after various processes which is implemented on foodstuffs plays a crucial role in designing fortification programs. Therefore, results of the present study has important implications for developing new policies in the area of fortification of vegetable oils with vitamin D.
Previous studies showed that mandatory fortification of staple food with vitamin D plays a critical role in providing sufficient levels of this vitamin in many countries. Data from several studies suggest that even in mandatory fortification of staple foods with vitamin D, because of food choice problems and dietary habits, some groups are under the risk of vitamin D deficiency (30) . The evidence from this study suggests that due to regular consumption of vegetable oils and its popularity in all groups in various populations, fortification of these oils could improve the intake of vitamin D 3 in countries which are have high vitamin D deficiency.
It is unfortunate that our study did not include investigation of the effect of storage time on stability and physicochemical properties of fortified vegetable oils. In order to enlighten all of the aspects of fortification on of vegetable oils with vitamin D 3 , a further study could assess the effects of storage in various conditions on stability of added vitamin D 3 in vegetable oils. Furthermore, more research using controlled trials is needed to determine effectiveness of fortification of vegetable oils with vitamin D 3 in management of vitamin D 3 deficiency and to estimate sufficient value of vitamin D 3 to obtain meaningful changes in serum vitamin D 3 levels.
Conclusion
The purpose of the current study was to determine the influence of time and temperature on stability of vitamin D 3 during cooking procedures of fortified vegetable oils. This study has identified that retention rate of added vitamin D 3 in sunflower, canola oil under normal cooking temperatures varies from 68.6% to 87.4%. These results suggest that edible oils including sunflower, canola and corn oils could be regarded as a suitable vehicle for the fortification with vitamin D 3 .
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